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reduced by a factor of ~3 when the microwave discharge is turned on. This results from a slow chain reaction involving O( 3 p), HO 2 , OH, and H radicals which consumes H 2 0 2 . We simulated this decomposition by kinetic modeling in order to estimate species concentrations in the low with the microwave discharge on and hence O( 3 P) atoms present. In the case of OH-O collisions, we determined that the ratio of the room-temperature total removal rate constant for 3 OH(v=1) to that for OH(v--0) was 1.1±0.1. Thus, the removal rate for OH(v=l) is found to be slightly larger than for OH(v--0), but the difference is within the experimental uncertainty.
Schatz and co-workers 6 carried out an extensive ab initio study of the PESs connecting the OH + N and H + NO channels, and the higher-energy 0 + NH asymptote. The OH + N reagents can react on a 3 A" PES to form a HON complex, which can isomerizes to form HNO and then dissociate to H + NO products. Unfortunately, they did not explore the dependence of the 3 A" PES upon the O-H separation. Following on our study of OH(v= 1)-O collisions, we studied the effect of vibrational excitation on the total removal rate of OH(v= 1) by N( 4 S)
atoms. " In this system, the OH concentration was unaffected by the presence or absence of N( 4 S) atoms. For this system, we found that the ratio of the room-temperature total removal rate constant for OH(v=1) to that for OH(v=O) was 1.6±0.4. Hence, there is a significant enhancement in the removal rate with vibrational excitation in this system.
We also investigated the vibrational relaxation of OH(v=1) by H atoms, which were prepared by a microwave discharge of H 2 . In this case, the OH concentrations were reduced by a factor of -10 when the discharge was turned because of a chain reaction of the precursor H 2 0 2 with H atoms, much greater than was the case for O(3P) atoms. The greater efficiency of removal of H 2 0 2 by H atoms is consistent with our kinetic modeling of the destruction of H 2 02.
Because of the significant destruction of H 2 0 2 by H atoms, a reliable rate constant for the collisional removal of OH(v= 1) by H atoms could not be determined.
We also carried out an experimental study of collisional vibrational relaxation of NO by however, this approach requires consideration of electronic quenching, energy transfer, stimulated emission, and ionization, as well as requiring independent calibration.2224
We have shown that the use of cavity-ring down spectroscopy (CRDS) 25 , 26 There is an uncertainty of only 8% in the transition probability for the ID 2 (---3 P 2 line, 28 and hence a similar uncertainty in the absorption cross section. We checked the accuracy of our CRDS measurements by comparison concentrations determined by this technique and by the established method of titration with NO 2 and found good agreement between the two methods.
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We are currently employing this method to determine O( 3 P) atom concentrations in our ongoing study of the vibrational relaxation of NO(v) by O(3P) atoms, as mentioned above.
E. Simulations of Al Atoms Doped in Liquid Helium
We described for publication the results of a path-integral, Monte-Carlo simulation of the spectrum of a single Al atom doped into liquid helium clusters. 29 For this system high-resolution spectra at 0. In our simulation of the arrangement of He atoms around a single Al atom doped in a He cluster, we used a multilevel Monte-Carlo scheme to minimize the computational effort. This involves first performing large coarse displacements of the system in configuration space, and then refining only if the initial displacement is accepted, an adaptation of the bisection algorithm of Ceperly and co-workers. 3 ' The simulation of the absorption spectra was done using a semiclassical Franck-Condon approximation. 39 ' 40 Our calculations reveal that the doping of the Al 3p electron strongly influences the He packing. With inclusion of tail corrections for the ground and excited states potentials, our calculated 3d<--3p spectrum agrees reasonably well with the experimental spectrum reported by Lehmann, Scoles, and co-workers. 3 The blue shift of the calculated spectrum associated with the 4s --3p transition of solvated Al is about 25 nm (-2000 cm -1 ) larger than seen in 7 experiments on Al embedded in bulk liquid He. 4 We also predict that the spectrum associated with the 4p <--3p transition will be blue shifted by -7000 cm-1 (nearly 1 eV).
F. Recombination of Al Atoms in Solid Hydrogen
The embedding of light impurities in solid hydrogen has received considerable experimental and theoretical attention in recent years, partly because of the potential technological applications as high energy density materials. 42 In collaboration with the Voth group at Utah, we have published several earlier investigations of a single B 35 or Al 36 atom embedded in solid para-H 2 . We found that in both cases the dependence of the atom-pH 2 potential on the orientation of the singly-filled p electron induces some distortion of the nearestneighbor ligand shell to allow the p-orbital to orient itself to minimize the repulsive I and maximize the attractive H interactions.
For open-shell atoms such as B and Al, one important question remains unanswered:
when doped with multiple atomic impurities, is the system stable with respect to recombination, a highly exothermic process? To study more than one doped open-shell atom, we must consider the interaction between impurity atoms, which depends on the relative orientation of the pelectrons of both dopants. In an earlier article we developed a theoretical framework for the accurate description of the interaction of two 2P atoms in the presence of multiple spherical ligands. 4 With this potential, we developed 44 a simple approach to investigate the likelihood of recombination: We place the two Al atoms at several initial substitution sites, similar to those chosen in our earlier paper. 43 We then allow the separation vector for the two Al atoms to decrease. At each reduced value of this separation coordinate, which we keep fixed, we then perform path-integral, Monte-Carlo calculations to sample the motion of the pH 2 molecules.
From the results of these PIMC simulations we can determine the average energy, as a function of the Al-Al distance. Since the Al atoms are -13 times heavier than a pH 2 molecule, this average energy will provide, in a Born-Oppenheimer sense, the effective potential energy for motion of the Al atoms along the recombination coordinate. If a potential barrier exists, we can then use standard transition state theory to estimate the lifetime against recombination. This approach allows the investigation of atomic recombination in solids when quantum effects are substantial.
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For substitution sites within a distance of -13 bohr, we found that the two Al atoms greatly distort the lattice structure to allow recombination into the A1 2 molecule." This releases a large amount of energy. This result is different from the model studies presented in a previous paper, where the pH 2 molecules were fixed in place. It is the quantum nature of the pH 2 molecules that facilitates recombination of the Al atoms. However, when the two Al atoms are embedded initially at distances longer than ~14 bohr, the equilibrated separation between the two Al atoms is little changed from the initial substitutional sites. The interaction between the two Al atoms is small, and the Al atoms affect the system separately.
This observation from our simulations provides a bound to the maximum concentration to which Al atoms could be doped into solid pH 2 , without recombination. We estimate that recombination will occur for molar ratios greater than 1 Al : 15 H 2 , or 0.0667 mole percent.
From a straightforward application of simple transition state theory, we estimated the lifetime of the embedded solids at T = 4 K to range from minutes to days. This is entirely analogous to our earlier treatment of the F + H 2 reaction dynamics. 45 Our expertise in the determination of the potential energy surfaces for the F + H 2 reaction, as well as for the O( 3 p)*-H 2 complex' (the latter projected completed with the support of an earlier AFOSR grant), proved invaluable in mentoring Mr. Deskevich.
We also extended this past project to the determination of the full, coupled potential energy surfaces for the O(3p) + H 2 -OH + H reaction. Here, there are two potential energy surfaces of 2 A" symmetry and one of 2A ' symmetry. In contrast to the F + H 2 reaction, two of these surfaces lead, over a high barrier, to reaction, while one is repulsive. Schatz and coworkers 47 had shown that the crossing with the singlet potential energy surfaces which emanate from the higher O( 1 D) + H 2 occur beyond the barrier on the triplet potential energy surfaces. It
